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We. Monsanto Company, a corporation 
organised under the laws of the State of 
Delaware, United States of America, of 
800 North Lindbergh Boulevard, St. Louis. 
66, State of Missouri, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 
is to be performed, to be particularly des- 
. crlbed in and by the following statement: — 

The present invention relates generally to 
a method of increasing the polymerization 
efficiency^ of vinyl-type polymerization re- 
actions. i.e. the polymerization of materials 
which contain, characteristically, a CH, = 
C < group. 

In recent years, several new types of poly- 
merkation initiators have been introthiced 
for increasing the polymerization rate while 
using only minute amounts of polymeriza- 
tion initiator. One of the more useful types 
of polymerization initiators in this regard 
are the dialkyl peroxy dicarbonates. particu- 
larly diisopropyl peroxydicarbonate. This 
initiator and its use in vinyl-type polymeri- 
zations is more fully described in United 
States Patent No. 2,464,062, Although in- 
itiators of this type are extremely advantag- 
eous, it has been found that their use re- 
quires numerous safety precautions due to 
[Pi " ] 



the hazards involved under some conditions 
of operation. For example, unusual condi- 
tions of heat, friction or shock may cause 
severe explosions. In addition, when using 
the initiator in large amounts and at high 
temperatures, violent reactions can occur. 

It has been suggested that these difficulties 
can be overcome by a polymerization pro- 
cess in which the peroxydicarbonate imtia- 
tors are formed "in situ" while polymeriz- 
ing a vinyl-type monomer as a separate 
monomer phase. Tiiis polymerization pro- 
cess, however, presents difficulties, particu- 
larly in regard to control of the concentra- 
tion of the reactants. In addition, it has 
been found that the process has several dis- 
advantages from a commercial point of view, 
due to the additional raw materials and 
controls required. 

It has also been proposed to prepare 
vinyle-type polymerization products by a 
suspension polymerization process involving 
charging a minor amount of diisopropyl 
peroxydicarbonate as a single charge m ad- 
mixture with stabilizing chemicals such as 
cyclohexane or xylene. This process, how- 
ever, also presents difficulties from a com- 
mercial point of view. It has been found 
that when using conventional feed systems 
for feeding initiators of this type, friction 
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is generated at various points in the meter- 
ing system, e.g., in the pumps and moving 
parts, thereby creating a potential fire or 
explosion hazard. In addition, since much 

5 less initiator is required than that conven- 
tionally employed in polymerization reac- 
tions, the slow flow rate required causes 
plugging of the initiator feed line and dis- 
charge nozzle due to polymerization of the 

10 monomer, initiated by residual initiator in 
the h'ne. 

It is an object of the present invention 
to provide means for overcoming these de- 
ficiencies in the prior art methods of con- 

15 trolling initiator feed while simultaneously 
provicSng for larger yields of polymer. 

Accoiding to the present invention there 
is provided a method for the production of 
vinyl-type polymer which comprises poly- 

20 merising 106 parts by v/eight of a polymeris- 
able monomer contaming a CHa = C < 
group in a reaction vessel, while introducing 
into said reaction vessel a stream of an 
aqueous medium containing a dialkyl per- 

25 oxydicarbonate or acyl persulphonate. poly- 
merisation initiator, at a flow rate of 1 — ^30 
parts by weiaht per hour at a line pressure 
. sufficiently higher than the reactor pressure 
to ensure positive flow. 

30 Although the initiator concentration will 
vaiy depending upon the particular grades 
and types of polymers sought to be pro- 
duced, it has been found that generally con- 
centrations in the range of from about 

35 0.005 — /0.500 parts of mitiator per 100 
parts of monomer charged to the vessel are 
most advantageous. It is preferable that 
the concentrations be maintained between 
.01 and .08 part per IGO parts of vinyl 

40 monomer. Temperatures may range between 
O^^C and TO^C; however, temperatures 
ranging between 50"* C and 60° C. have been 
found to be preferable. 

The rate of addition of the aqueous med- 

45 ium containing the specified initiator to the 
reactor vessel will depend upon numerous 
factors, including the initial water to mono- 
mer ratio, vessel capacity, final water to 
monomer ratio desired, per cent conversion 

50 desired and degree of agitation. The opti- 
mum flow rate and line pressure may be 
readily determined empirically from a con- 
sideration of these and other factors. As 
stated, the flow rate of the aqueous medium 

55 may range between 1 to 30 parts per hour, 
depending within those limits upon the total 
time selected to admit the entire charge of 
initiator and carrier. It is, of course, pos- 
sible to admit the charge continuously or 

60 intermittently over any suitable time inter- 
val. Typically, the time interval will range 
between 20 minutes and two hours, but may 
vary over a wide rang^ depending upon 
operating conditions. 

65 The line pressure should at all times be 



sufficiently higher than the reactor pressure 
to ensure positive flow. Reactor pressures 
may range between about 50 p.s.i. to 175 
p.s.L with optimum results bemg obtained 
at pressures of between 75 p.s.i. to 150 70 
p.s.i. , 

Althou^ water is generally preferred as 
a carrier medium for the initiator, other con- 
stituents may be included in the carrier 
medium if desired, such as chain regulators, 76 
e.g., alcohols or aldehydes or suspending 
agents. 

The initiator may be charged to the aque- 
ous medium in its solid form, but is prefer- 
ably used In admixture with a solvent such 80 
as diethyl mdeate, cyclohexane or toluene 
in any proportions. 

The method of this invention is applic- 
able to those monomeric materials which 
contain a single methylene group attached 86 
to a carbon atom by a double bond: that 
is, compounds which contain a single 
CHa = C < group. Among such mono- 
mers are the vinyl aroraatics, such as sty- 
rene, p-chlorostyrene; esters of alpha- 90 
methylene aliphatic monocarboxylic acids, 
such as methyl acrylate, ethyl acrylate, n- 
butyl acrylate. isobutyl acrylate. dodecyl 
acrylate, 2-chloroethyl, 2-chloropropyl acry- 
late. 2-2*dichloroisopropyl acrylate, phenyl 96 
acrylate. cydohexyl acrylate, methyl alpha- 
chloroacrylate. methyl methacrylate, ethyl 
metha;crylate, methyl ethacrylate; acryloni- 
trile; methacrylonitrile; acrylamide; vinyl 
esters, such as vinyl acetate, vinyl chloro- 100 
acetate, vinyl propionate, vinyl butyrate. 
vinyl halides. such as vinyl chloride or vinyl 
bromide; vinyl ethers, such as vinyl methyl 
ether, vinyl isobutyl ether, vmyl 2-chloro- 
ethyl ether, vinyl ' ketones, such as vinyl 1Q5 
methyl ketone, vinyl hexyl ketone, methyl 
isopropenyl ketone; isobutylene; vinylidene 
halides. such as vinylidene chloride, ^nyli- 
dene chlorofluoride; N-vinyl compounds, 
such as N-vinyl pyrrole, N-vinyl carbazole, 110 
N-vinyl indole, N-vinyl succinimide; and 
other similar polymerizable materials. The 
method of this invention is also applicable 
to the copolymerization of mixtures of two 
or more of these monomeric materials. Vinyl 115 
chloride has been found to be particularly 
useful in the system of this invention. 

Any of the other ethylenically unsatur- 
ated monomers mentioned previously which 
are to be copolymerized therewith may be 120 
added initially with the vinyl chloride, added 
later during polymerization or slowly bled 
into the system during polymerization.. 
Additionally, part of the vinyl chloride may 
be withheld initially and charged as poly- 125 
merization progresses. The reaction pro- 
ducts are isolated by conventional means, 
the details of which depend on the particu- 
lar polymerization technique employed. 

Although this invention wff! be described 130 
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in connection with suspension polymeriza- 
tion processes wherein the polymerization 
initiator is introduced as an aqueous phase, 
this same principle also finds utility in emul- 

6 sion or solution polymerization. 

Conventional suspension stabilizers such 
as gelatin and cellulose ethers may be em- 
ployed in the method of this invention, as 
well as conventional anionic and nonionic 

10 surface active agents, buffering agents, par- 
. tide porosity modifiers and prestabiDzers. 
An embodiment of the method of this 
invention will now be described with refer- 
ence to the accompanying drawing which is 

16 a schematic diagram on a flow-sheet basis. 
Referring now to the accompanying draw- 
ing, there is shown a high pressure line 1 
leading from an aqueous m&dium source 2 
into a reactor 3. through which is fed a 

20 stream of an aqueous medium. An initia- 
tor charge tank 4, containing the polymeri- 
zation initiator in solution, is positioned be- 
tween the aqueous medium source and the 
reactor such that controlled amounts of in- 

25 itiator may be charged into the high pres- 
sure line either continuously or at predeter- 
mined intervals. It is preferable when using 
a peroxydicarbonate initiator to stabilize the 
initiator against decomposition by dissolv- 

30 ing it in a suitable solvent, although the per- 
oxydicarbonate catalyst may be used in its 
solid form if desired. It has been found 
that when using diisopropyl percarbonate as 
initiator copolymerisable solvents such as 

36 diethyl maleate which become an integral 
part of the polymer are most suitable in this 
regard, since the problem of removing the 
solvent from the polymers as an impurity 
is obviated. This is particularly advantage- 

40 ous when preparing poljoners to be used in 
food containeris or the like where stringent 
purity requirements must be met. The poly- 
merization initiator is preferably fed to the 
aqueous medium by regulated fluid pressure 

45 such as nitrogen gas or water pressure, sup- 
. plied for example, through feed line 5 by 
a cylinder 6, In this manner, the bulk of 
the catalyst is blanketed and under hy- 
draulic pressure thereby eliminating mech- 

60 anical friction from the system during addi- 
tion to the reactor and further reducing the 
possibility of explosion. By feeding the in- 
itiator to the reactor in an aqueous medium 
flowing at high pressure, the fluid will com- 

o6 pletely fill the line volume and prevent 
monomer from entering and plugcmg the 
feed system. In addition, by feeSing the 
initiator in dilute concentration, polymer 
build-up and plugging of the Ime caused by 

60 polymerization of the monomer at the pomt 
of injection to the reactor is eliminated. 

The use of this system provides a further 
significant advantage over conventional feed 
systems since an aqueous medium is being 

65 constantly mtroduced during the polymeri 



zation cycle. In conventional suspension 
pol3anerization systems, using such poly- 
merization initiators, it has been found 
necessary to provide a high initial water to 
monomer ratio, in order to control within 70 
reasonable limits the exoUiennic heat of 
reaction and to maintain a viscosity suffic- 
iently low to allow agitation of the slurry 
as polymerization progresses. By the use 
of the present system, the initial water to 75 
monomer ratio can be lowered, thereby per- 
mitting higher percentages of monomer in 
a given charge. For example, when poly- 
merizing vinyl chloride in suspension by 
conventional methods, the initial water to 80 
monomer ratio will generally be between 
1.4 and 2.0, yet by the use of the present 
system, it is possible to introduce charges 
having water to monomer ratios far below 
1.4, since, as the poljonerization cycle pro- 85 
gresses. a constant stream of "flush water'* 
entering with the catalyst and maintained 
throughout the entire run increases the 
water to monomer ratio to a final value of 
1.4 to 2.0 and maintains the pseudo-vis- 90 
cosity of the slurry despite increasing poly- 
mer content, thereby allowing thorough and 
constant agitation. Since polymerization is 
accompanied by a gradual volume shrink- 
age within the reactor vessel, it is advan- 95 
tageous to adjust the rate of feed of the 
aqueous medium to a volumetric flow rate 
substantially equivalent to the volumetric 
shrinkage in the slurry. It can be readily 
seen that the use of this system will pennit 100 
the production of substantially greater 
amounts of polymer in a reactor of any 
given capacity. 

. The following examples will serve to illus- 
trate the invention. Unless otherwise indi- 105 
cated, all quantities mentioned are on a part 
by weight basis. 

EXAMPLE L 

110 Parts of preheated water, a solution 
of .08 part of hydroxypropyl methyl cellu- HO 
lose suspending agent, and .25 part of sor- 
bitan monolaurate particle porosity modi- 
fier, are charged to a clean reactor which is 
then closed arid vacuum boiled to remove 
oxygen. 100 Parts of vinyl chloride mono- 115 
mer is charged under pressure and the mix- 
ture is adjusted to a temperature of 54° C. 
Water, under a pressure of 140 p.s.i., is fed 
through a high pressure line to the reactor 
at a rate of 4 parts per hour. A charge of 120 
.04 part of diisopropyl peroxydicarbonate 
initiator dissolved in diethyl maleate solvent 
(40 per cent w/w) is slowly fed to the high 
pressure line leading to the reactor over a 
period of twenty minutes. Polymerization 125 
begins immediately and a constant batch 
temperature is maintained by jacket cooling 
to remove the exothermic heat of the reac- 
tion. Throughout the entire polymerization 
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cyde, flush water is continuously added to 
the reactor. When the pressure in the re- 
actor drops to a preassigned value, poly- 
merization is interrupted by venting off un- 

5 reacted monomer. At this time the water 
to vinyl chloride ratio is approximately IS 
as compared to the initial water to vinyl 
chloride monomer ratio of 1.1. The resin 
slurry is then recovered, centrifuged. dried, 

10 and screened using conventional techniques. 

ExAMPix n 
Example I is repeated except that .05 
part of diisopropyl peroxydicarbonate fed 
mto the diluent stream in its solid form; 

15 EXAMFUS m 

Example II is repeated except that .06 
parts of ace^l cydoheKane persulfonate is 
used in place of diisopropyl peroxydicar- 
boxiate. 

30 Example IV 

Example I is repeated except that a charge 
of 100 parts of vinyl acetate aie introduced 
into the reactor in place of vinyl diloride. 

Example V 
26. Example II is repeated except that 100 
parts of styrene are introduced into the re- 
actor in place of 100 parts of vinyl chloride. 

WHAT WE CLAIM IS: — 

1. A method for the production of vitiyl- 

30 type polymer which comprises polymerising 
100 parts by weight of a polymerisable 
monomer containing a CH2 = C -< group 
in a reaction vessel, while introducing into 
said reaction vessel a stream of an aque- 

35 ous medium containing a dialkyl peroxydi- 
carbonate or acyl persulphonate. polymeri- 
sation initiator, at a flow rate of 1 — 30 parts 
by weight per hour at a line pressure suffic- 
iently higher than the reactor pressure to 

40 ensure positive flow. 



Z A method according to claim 1 
wherein the aqueous medium contains from 

0. 005 to 0.5 parts of polymerisation initiator 
per 100 parts of polymerisable monomer 
charged to the vesseL 45 

3. A method according to claim 1 or 2 
wherein said aqueous medium is introduced 
at a volumetric flow rate substantially equi- 
valent to the rate of volume shrinkage of 

the reaction mixture. 50 

4. A method according to any of claims 
1 — 2 wherein said initiator is a dialkyl per- 
oxy dicarbonate and is introduced into said 
aqueous medium as a solution in diethyl 
maleate. . 

5. A method according to any of daim3 

1. — 4 wherein said polymerisable monomer 
is vinyl chloride. 

6. A method according to any of claims 

1 — ^5 wherein said polymerisation initiator 60 
is introduced into said aqueous medium un- 
der inert fluid pressure, thereby eliminating 
mechanical friction from the system. 

7. A method according to any of claims 
wherein said reaction vessel is main- 65 

tained under a pressure of 50 p^i. to 175 
p.sJ. 

8. A method according to any of claims 
1 — 7 wherein the polymerisation is con- 
tinued until tiie water to monomer ratio 70 
reaches a value between 1.4 and 2.0. 

9. A method according to claim 1 sub- 
stantially as hereinbefore described with 
reference to any one of the foregoing specific 
Examples. 76 

10. Vinyl polymer whenever prepared 
or produced by any of the methods hereinr 
before described and claimed. 

Agents for the Applicants, 
V. GALLAFENT & CO.. 
Chartered Patent Agents. 
8. Staple Inn, London, W.Cl. 
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